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Background. With increasing sophistication and technology, survival rates hugely improved among preterm infants admitted to
the neonatal intensive care unit. Nutrition and feeding remain a challenge and preterm infants are at high risk of encountering
oral feeding diﬃculties. Objective. To determine what facts may impact on oral feeding readiness and competence and which kind
of interventions should enhance oral feeding performance in preterm infants. Search Strategy. MEDILINE database was explored
and articles relevant to this topic were collected starting from 2009 up to 2011. Main Results. Increasingly robust alertness prior
to and during feeding does positively impact the infant’s feeding Skills. The review found that oral and non-oral sensorimotor
interventions, provided singly or in combination, shortened the transition time to independent oral feeding in preterm infants
and that preterm infants who received a combined oral and sensorimotor intervention demonstrated more advanced nutritive
sucking, suck-swallow and swallow-respiration coordination than those who received an oral or sensorimotor intervention singly.
The mortality among preterm infants has dramatically
decreased in the last decade in the developed countries. Very
low-birth-weight (VLBW) infants increased their survival
from 50% [1] to more than 85% [2]. However, these
VLBW infants are at the greatest risk for medical and
developmental sequelae related to their prematurity, which
is frequently exacerbated by their prolonged staying in the
newborn intensive care unit (NICU) [3–5]. These atypi-
cal early experiences alter their development and modify
their behaviour [6]. Many clinical factors such as the
development of chronic lung disease, recurrent apnoeas
and bradycardia, nutritional deﬁcits, as well as stressful
environmental conditions, including constant noise, activity,
and bright light, may act in combination to impact on the
developing preterm infant brain [7]. NICU environment
could inﬂuence the transition to independent oral feeding
and thus delay hospital discharge, negatively aﬀect mother-
infant interaction and potentially lead to childhood feeding
disorders. As a consequence, there is a need for eﬃcacious
early interventions to enhance preterm infants’ oral feeding
performance [8–10].
The relationship between the maturation of behavioural
states, mainly alertness, and the acquisition of oral feeding
would deserve investigation [11–16]. The development of
this highly complex process reveals a great deal about
the maturation of the developing brain and relationships
between physiologic and behavioural indices. Among the
huge number of routine caregiving interventions in the
NICU, it is the successful initiation of oral nipple feeding
and attainment of nutritive sucking competence that appears
to be the primary determinant of discharge readiness.
Attainment of independent oral feeding is one of the criteria
recommended by the American Academy of Pediatrics for
hospital discharge of preterm infants [17]. The infant’s
inability to wean from the tube feeding likely will delay
hospital discharge and mother-infant reunion and will
increase the hospital cost and maternal stress [18, 19].
The sophisticated integration of sucking, swallowing, and
breathing with behavioural state is considered the “most
highly organized behaviour of the young infant” [20]. There
are two dilemmas caregivers face when addressing oral
feeding diﬃculties, that is, infants’ ability to complete their2 International Journal of Pediatrics
feedings safely and the appropriate rate of advancement to
independent oral feeding.
McGrath and Medoﬀ-Cooper [21] examined the rela-
tionship between the maturation of alertness and the
acquisition of nutritive sucking competence during the
transition to oral nipple feeding in the NICU. Alertness
and nutritive sucking are deﬁned within the context of the
synactive theory of development [22, 23]. The synactive
theory of development is a model of neurobehavioral
development in which the dynamic maturational process of
behavioural organization in the preterm infant is illustrated.
The integration of the physiologic and behavioural systems
is presented within a framework that describes how the
maturing infant balances input from the environment while
copingwithinternalphysiologicdemands.Alsetal.[24]have
recommended the use of a developmental care approach to
promote transition to oral feeding with the reasoning that
if an infant’s stability, organization, and competence could
be enhanced, his/her physiologic and behavioural expression
would be optimized. Als proposed that the extent of
behavioural organization shown through the infant’s unique
pattern of behavioural cues and underlying physiologic sta-
bility is an indication of central nervous system maturation.
Infant behavioural state is starting to be recognized as an
important variable in routine caregiving interventions [25].
Alertness is a behavioural state in the normal newborn that
is critical to interaction with the environment and has been
linked to later cognitive learning and development [26–
29]. Typically, caregivers determine oral feeding readiness
based on physiologic indicators such as successful weight
gain and respiratory stability [30–32]. Postmenstrual age
(PMA) or behavioural maturation is often only considered
after these other indicators have been satisﬁed. The infant’s
ability to reach and maintain robust alertness is seldom used
as a meaningful assessment parameter in relationship to
oral feeding readiness in the NICU. This study shows that
increasinglyrobustalertnesspriortoandduringfeedingdoes
positively impact the infants’ feeding competence especially
in their ability to generate numbers of sucks and numbers
of sucks per burst. Furthermore, the results provide strong
support for using the ability to reach and maintain robust
alertness as a meaningful readiness parameter for oral nipple
feeding.
Oral feeding requires coordination of nutritive sucking,
swallowing, and breathing as well.
Oral feeding is not initiated in preterm infants before 32
weeks of PMA mainly because the coordination of sucking,
swallowing, and respiration is not established. According
to some authors, rhythmic breathing during feeding is ﬁrst
acquired between 34 and 36 weeks’ PMA, simultaneously
with the maturation of other physiologic processes [33]. In
their study, Mizuno and Ueda aimed at establishing nor-
mative maturational data for feeding behaviour of preterm
infants from 32 to 36 weeks of PMA and evaluating how the
relation between swallowing and respiration changed with
maturation.
They found that feeding behaviour in preterm infants
matured signiﬁcantly between 33 and 36 of weeks PMA,
and swallowing infrequently interrupted respiration during
feeding after 35 of weeks PMA. Before 34 weeks’ PMA,
swallowing occurred usually during a respiratory pause, and
after 35 weeks’ PMA, swallowing occurred typically at the
end of inspiration. They also demonstrated that there was a
signiﬁcant diﬀerence in the coordination of swallowing and
breathingbetween<34and>34weeks’PMA.Therespiratory
rate reduction during intermittent sucking after 34 weeks
was smaller than that at 32 or 33 weeks’ PMA. In preterm
infants the maturation in respiration during feeding is not
established fully yet at 36 weeks’ PMA [34].
Sucking is one of many factors involved in oral feeding
[35], and suck-swallow-respiration coordination is a critical
factorinachievingsafeandsuccessfuloralfeedinginpreterm
infants. Sensorimotor intervention is used to improve oral
feeding,thatis,theprovisionofdevelopmentallyappropriate
oral, tactile, kinaesthetic, vestibular, and auditory inputs to
facilitate the development of existing skills [36–39]. Oral
feeding is a complex multisystem process that involves both
the oral and other systems, including cardiorespiratory,
gastrointestinal, and neurological [40]. In their study, Fucile
et al. aimed at determining whether oral, tactile/kinaesthetic,
or combined (oral + tactile/kinaesthetic) interventions
enhance oral feeding performance and whether combined
interventions have an additive and/or synergistic eﬀect [41].
The authors came to the conclusions that oral and nonoral
sensorimotorinterventions(i.e.oralandtactile/kinaesthetic)
accelerated the transition from introduction of oral feeding
to independent oral feeding and enhanced oral feeding
skills; sensorimotor interventions had beneﬁcial eﬀects
beyond the speciﬁc targeted system; combined (oral +
tactile/kinaesthetic) sensorimotor intervention had an addi-
tive and/or synergistic eﬀect on oral feeding performance
over single sensorimotor interventions. Speciﬁcally, all three
interventions improved proﬁciency (percent volume taken
in ﬁrst 5 minutes), volume transfer (percent total volume
taken), and rate of transfer (mL/min), compared to controls.
In conclusion, oral and nonoral sensorimotor interventions
provided singly or in combination shortened the transition
time to independent oral feeding in preterm infants. These
ﬁndings demonstrated that sensorimotor interventions have
beneﬁcial eﬀects beyond their speciﬁc site of input. One
limitation of this study was that the three interventions did
not reduce the number of days of hospitalization owing to
the lack of a speciﬁc protocol for discharge planning in the
study.
Nutritive suck, suck-swallow and swallow-respiration
coordination are key components underlying the improve-
ment of oral feeding outcomes. Knowledge on how the
underlying mechanisms mediate these vital coordinative
functions is very limited. Fucile et al. [42]i n v e s t i g a t e d
the impact of oral and particularly nonoral sensorimotor
input (tactile/kinesthetic sensorimotor input to the trunk
and limbs) on sucking, swallowing, and respiration. They
hypothesized that multiple stimulation sites may potentially
impact common underlying systems or may provide multi-
plicative eﬀects on these coordinative functions. Therefore,
the purpose of their study was to further explore whether
preterminfantswhoreceivedanoralandtactile/kinaesthetic,
or combined (oral + tactile/kinaesthetic) intervention,International Journal of Pediatrics 3
before the introduction of oral feeding, demonstrated more
advanced nutritive sucking, suck-swallow and swallow-
respiration coordination than controls. Preterm infants who
received a combined (oral + tactile/kinaesthetic) interven-
tion demonstrated more advanced nutritive sucking, suck-
swallow, and swallow-respiration coordination than those
who received an oral or tactile/kinaesthetic intervention
singly. Results of this study demonstrated that all three inter-
ventions impacted to some degree the coordination of the
above-mentioned functions related to oral feeding. The oral
intervention was the only one that resulted to lead to more
mature nutritive sucking skills compared to controls. These
improvements may be due to the direct sensorimotor input
totheoralmusculoskeletalsysteminvolvedinsucking[43].It
also resulted that duration of the sensorimotor intervention
is an important determinant for the achievement of speciﬁc
nutritive sucking skills.
In their prospective study, Lau and Smith [44]a i m e d
to determine whether the deﬁned oral feeding skills levels
can be used as an objective tool for the assessment of
preterm infants’ oral feeding skills. They hypothesized that
the more mature an infant’s oral feeding skills level, the
better his/her oral performance at that feeding; the more
premature an infant, the more immature his/her oral feeding
skills level, and the better the oral feeding skills levels, the
faster independent oral feeding will be attained. This study
demonstratedthattheoralfeedingskillslevelswerepositively
correlated with an infant’s feeding performance, that is. the
better the levels, the greater the oral performance and the
shorter the feeding duration; the oral feeding skills levels
positively correlated with gestational age (GA), that is, the
less premature the infant, the more mature his/her skills; and
the better the skills, the faster the attainment of independent
oral feeding. From this study, it is proposed that the use of
oral feeding skills levels can oﬀer a more objective indicator
of infants’ ability to feed by mouth than GA or other tools
currently available.
Mention should be made to the debate on whether
there is a preferred bottle nipple to be used to enhance the
bottle-feeding performance of a preterm infant. scheel et al.
hypothesized that feeding performance can be improved by
using the bottle nipple with the physical characteristics that
enhance infants’ sucking skills. A particular bottle nipple
that enhanced bottle feeding in healthy VLBW infants was
not identiﬁed. Based on the notion that aﬀerent sensory
feedback may allow infants to adapt to changing conditions,
we speculate that infants can modify their sucking skills in
order to maintain a rate of milk transfer that is appropriate
withthelevelofsuck-swallow-breathecoordinationachieved
at a particular time [45].
Fucile et al. showed that a controlled-ﬂow vacuum-
free bottle system versus a standard bottle facilitated overall
transfer and rate of milk transfer and shortened oral feeding
duration in VLBW infants. Their aim was to understand
the basis by which this occurred. They speculated that oral
feeding performance improved without signiﬁcant change
in sucking eﬀort with a controlled-ﬂow vacuum-free bottle
system as compared to standard bottle.
In addition, they showed that VLBW infants can tolerate
fastermilkﬂowthancurrentlypresumedandthattheuseofa
controlled-ﬂowvacuumfreebottlesystemmayreduceenergy
expenditure as it enhanced feeding performance without
increasing sucking eﬀort [46].
Conclusions
Inadequate feeding capabilities in preterm infants often
lead to poor nutritional and growth failure. Although the
prevalence of feeding diﬃculties in preterm infants is well
recognized, the nature of feeding milestones including the
timeline of the acquisition of the coordination of sucking,
swallowing and respiration still needs more research.
This paper found that increasingly robust alertness prior
to and during feeding does positively impact the infant’s
feeding skills especially in their ability to generate numbers
o fs u c k sa n dn u m b e r so fs u c k sp e rb u r s t .T h e r ei sa
signiﬁcant diﬀerence in the coordination of swallowing and
breathing between <34 and >34 weeks’ PMA; in preterm
infants the maturation in respiration during feeding is not
established fully yet at 36 weeks’ PMA. This paper also found
that oral and nonoral sensorimotor interventions provided
singly or in combination shortened the transition time to
independent oral feeding in preterm infants. These ﬁndings
demonstrated that sensorimotor interventions have beneﬁ-
cial eﬀects beyond their speciﬁc site of input. This paper
underlined that preterm infants who received a combined
oral and sensorimotor intervention demonstrated more
advanced nutritive sucking, suck-swallow, and swallow-
respiration coordination than those who received an oral
or sensorimotor intervention singly. The use of oral feeding
skills levels can oﬀer a more objective indicator of infants’
ability to feed by mouth than gestational age or other
tools currently available. Finally, there were no studies that
identiﬁed a particular bottle nipple that enhanced bottle
feeding in healthy VLBW infants.
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